Gonadal sex cord-stromal tumors contain some of the most morphologically interesting neoplasms of the gonads and these lead to many important issues in differential diagnosis. The pathology of these tumors is reviewed with emphasis on new information, similarities and differences in the two gonads, and diagnostic problems. Sertoli cell tumors occur in both gonads being more common in the testis where they usually exhibit a lobular pattern of hollow or solid tubules. In the ovary, tubular differentiation is usually the predominant feature but the lobulation typically seen in the testis is generally not as striking. One variant of Sertoli cell tumor, the large cell calcifying form, appears to be restricted to the male gonad and in contrast to other sex cord tumors is much more frequently bilateral and is associated in many cases with unusual clinical manifestations. In both sexes, patients with Peutz-Jeghers syndrome often have distinctive gonadal pathology. In females, it is in the form of the sex cord with annular tubules whereas in males, the lesion has features that are often intermediate between those of a sex cord tumor with annular tubules and a large cell calcifying Sertoli cell tumor. Sertoli-Leydig cell tumors are more morphologically diverse than pure Sertoli cell tumors and for practical purposes are an issue only in ovarian pathology being exceptionally rare in the testis. The classification proposed by Meyer into well, intermediate, and poor differentiation, remains important prognostically. More recently, heterologous and retiform differentiation has been described. Heterologous tumors most often contain mucinous epithelium, sometimes with small foci of carcinoid or less commonly, and generally in poorly differentiated neoplasms, rhabdomyosarcoma or fetal-type cartilage. Such tumors should be distinguished from pure sarcomas and teratomas. The retiform neoplasms, which tend to occur in young females, may mimic serous borderline tumors or even serous carcinomas. Granulosa cell tumors are much more common in females and in both gonads are divided into adult and juvenile forms. In females, granulosa cell tumors and other sex cord tumors may have markedly bizarre nuclei potentially leading to overdiagnosis as more malignant neoplasms. The juvenile granulosa cell tumor of the testis tends to occur in the first 6 months of life and should be carefully distinguished from the yolk sac tumor of the testis, which usually occurs in a slightly older age group. Occasional sex cord-stromal tumors cannot be readily categorized into the Sertoli or granulosa families and are diagnosed as sex cord-stromal tumors unclassified. In females, this is a relatively common placement for a neoplasm in a pregnant patient. Unclassified tumors are overall more common in males and may entrap residual normal germ cells potentially leading to the erroneous placement of the tumor in the category of a mixed germ cell sex cord-stromal tumor. From the practical viewpoint, the most helpful immunohistochemical findings are the negative staining of sex cord tumors for epithelial membrane antigen, and positive staining for inhibin and calretinin, findings that are converse to those seen in endometrioid carcinomas of the ovary, which commonly have formations that simulate sex cord tumors. Modern Pathology (2005) 18, S81-S98.
The contributions of these three individuals is largely what has brought about the current state of knowledge in this area of gonadal pathology.
Endocrine function is relatively common in association with these neoplasms and can account for occasional striking clinical manifestations. The combined clinical and pathologic features result in individual cases being among the most intriguing encountered in the practice of medicine. Although all neoplasms in this category, except ovarian fibromas, are uncommon, their microscopic features may be mimicked by many other neoplasms, particularly in the ovary. Accordingly, sound knowledge of their morphologic variants and mimics is crucial in gonadal tumor interpretation. As the title of this contribution suggests, I will follow the lead of Dr Teilum whose important contributions to our knowledge of sex cord tumors are noted in the historical introduction to this long course, and consider each category of neoplasm in the two gonads, as he did, 2 from the comparative viewpoint where indicated. Excluded from consideration are pure stromal neoplasms because in the testis they are exceptionally rare and in the ovary, with occasional exceptions, are generally straightforward microscopic interpretations. I shall begin with the neoplasms that in both recent gonadal tumor fascicles 4, 5 are considered Sertoli-stromal cell tumors. These tumors are comprised by pure Sertoli cell tumors and those with an additional stromal component, the Sertoli-Leydig cell tumors (SLCTs). As almost all references are easily available in the texts just mentioned only selected papers are cited here.
Sertoli cell tumors
A classification of these tumors is given in Table 1 with an indication as to whether a specific subtype occurs in one or both gonads. Although there are striking similarities between Sertoli cell tumors in the two gonads, there are also significant differences in as much as certain subtypes of Sertoli cell tumor seen in the testis (large cell calcifying and sclerosing) are almost nonexistent in the ovary. The lipidrich Sertoli cell tumor is listed in the table but not considered in the testis section as valid testicular examples are so few. The sclerosing Sertoli cell tumor is not given a separate heading here.
Sertoli cell tumors are rare neoplasms in either gonad, it not being possible to establish reliably whether they are more common in one or the other. We have, however, seen approximately twice as many testicular, as ovarian, examples. As the differential diagnosis is broader in the ovary, given the greater number of mimics seen in that gonad, it has been more difficult to establish a consistent morphologic profile in the ovary than in the testis. However, immunohistochemical markers now exist that can be strongly supportive of the diagnosis of Sertoli cell tumor, or alternatively argue strongly against it, as considered at the end of this handout. This adjunct is needed much more often in the ovary than in the testis. As the tumors are more common in the testis and the morphologic profile is somewhat better established in that gonad, testicular neoplasms are considered first.
Testicular Sertoli Cell Tumors
Sertoli cell tumor, not otherwise specified These tumors may occur throughout life but are rare in the first decade and have a peak frequency in the range of 35 to 50 years of age (mean age 45 years), 6 placing them usually within the germ cell tumor age group, something of note given the potential for malignant Sertoli cell tumors to be misdiagnosed as seminoma, 7 as discussed below. They are almost invariably unilateral and have no distinctive clinical features. Hormonal manifestations are rare in our experience; the literature suggests that gynecomastia is seen in about 25% of the cases but many of these tumors likely belong to other categories within the sex cord-stromal family. The patient will sometimes recount having been aware of a mass for many years. Metastasis accounts for the presentation in only about 7% of the cases. 6 The well-differentiated tumors are typically in the range of 3 to 4 cm in greatest dimension with only about 25% over 5 cm. They are typically well circumscribed, and usually have a solid sectioned surface, but cysts are present in about one-third of them. The tumor tissue is typically tan, gray, or white, but may be yellow and in some cases hemorrhage may be present. Necrosis is rare in low-grade tumors. When the tumor is white and lobulated, the gross appearance of seminoma is simulated (Figure 1) .
Microscopic examination shows a spectrum from well-differentiated neoplasms with exquisite tubular differentiation to poorly differentiated neoplasms with limited, or in some instances, absent tubular differentiation (Figures 2-11) . [6] [7] [8] [9] Low-power examination of the former often shows a striking nodular pattern, with the nodules separated by acellular, often vascular fibrous stroma, the vessels sometimes being dilated (Figure 2 ). This results in a relatively distinctive profile on low-power examination and on the basis of personal experience probably accounts for the morphology of approximately 50% of the low-grade neoplasms. The cellular elements within the nodules or in diffuse areas, which may sometimes be conspicuous and rarely dominate, typically have overt tubular differentiation at least focally ( Figure 3 ). This may be in Table 1 Classification of gonadal Sertoli cell tumors Sertoli cell tumor, not otherwise specified (both gonads) Lipid-rich (almost always ovary) Large cell calcifying (testis only) Sclerosing (almost always testis) the form of hollow tubules, sometimes dilated, or solid tubules. The tubules may be lined by lipid-rich cells ( Figure 5 ) but testicular tumors entirely of this type are rare. Thick ribbons and occasionally delicate thin cords may also be present. Rarely, the tubules produce a striking ramifying pattern and exceptionally they have a retiform morphology. Numerous hyaline bodies were present in one case, The usually fibrous stroma may be extensively hyalinized and rupture of blood vessels may result in recent or old hemorrhage. In some cases, most of the tumor is composed of sclerotic stroma giving rise to the descriptive category of 'sclerosing Sertoli cell tumor' (Figure 11 ). 10 The tumor cells are typically polygonal with moderate to abundant amounts of pale cytoplasm; vacuoles, due to intracytoplasmic lipid, are conspicuous in almost half of them ( Figure 6 ). A minority (o20%) of tumors have cells with abundant eosinophilic cytoplasm. Tumors with a welldifferentiated tubular morphology generally have absent or infrequent mitotic figures but rarely the mitotic rate is brisk, particularly in tumors with diffuse growth. In one series of 60 unselected Sertoli cell tumors, NOS only 16% had brisk mitotic rate. 6 Nuclear atypicality is mild at most in about 90% of the tumors. 6 Nuclear grooves may be seen but are generally inconspicuous.
In contrast to the above are rare less welldifferentiated Sertoli cell tumors with a more or less diffuse pattern and less conspicuous stroma than seen in well-differentiated neoplasms ( Figure  7 ). However, a minor stromal component is still often present and may produce a delicate nested pattern that, particularly when associated with cells with clear cytoplasm and an inflammatory cell infiltrate, may simulate the alveolar pattern of seminoma ( Figure 8 ). Thirteen tumors with these features were recently reported, 7 the majority of the tumors being initially misdiagnosed as seminoma because of the overlap in patterns of the two neoplasms. These tumors are typically associated with appreciable cytologic atypicality and account for one important aspect of the differential diagnosis of Sertoli cell tumors, a topic now considered.
Differential Diagnosis
The tubular pattern of the well-differentiated tumors should be diagnostic in the great majority of cases. Some tumors with a diffuse pattern of cells with abundant eosinophilic cytoplasm can suggest a Leydig cell tumor but focal true tubular differentiation excludes the latter diagnosis.
Well-differentiated Sertoli cell tumors should be distinguished from foci of immature tubules (Sertoli cell nodules) that are occasionally seen in cryptorchid and less commonly descended testes. These lesions are rarely grossly visible, in contrast to Sertoli cell tumors that usually measure more than 1 cm and are obvious neoplasms grossly. The solid tubules of the non-neoplastic lesion contain immature Sertoli cells, in occasional cases scattered spermatogonia, and in some cases rounded aggregates of hyaline material that is rarely a feature of a Sertoli cell tumor. The differential with adenomatoid tumor is considered in the contribution on mesothelial lesions in males.
Confusion of malignant Sertoli cell tumors with a seminoma-like low-power pattern and seminoma may be a clinically consequential error. 7 This issue was first highlighted decades ago when Collins and Symington 11 described, in their paper on Sertoli cell tumors, 'sheets of clear cells in which the distinction from seminoma was difficult'. Helpful findings in the recent series that have re-emphasized this problem are as follows. For the most part, the clinical background is of no aid although it is of note that five of the 13 seminoma-like Sertoli cell tumors occurred in men over 55 years, when typical seminoma is uncommon and this exemplifies the important point that in men over 50 years a testicular tumor is more likely to be of nongerm cell type than is the case for younger men. Grossly, the Sertoli cell tumors are more often firm with some yellow aspects to their sectioned surface but ultimately microscopic differences are crucial. Although the inflammatory cell infiltrate, with even germinal center formation in a few cases, is one of the confusing issues it is also pertinent to note that this infiltrate more typically contains many plasma cells than does the infiltrate in seminomas. Areas of definite tubular differentiation are of course helpful but were prominent in only three of the 13 seminoma-like Sertoli cell tumors being considered here. Cytologic differences between the cells and the two tumors are most important. Nine of the Sertoli cell tumors had distinct cytoplasmic vacuoles, often helpful clues to the diagnosis of Sertoli cell tumor, even on low-power examination. Most importantly, the nuclei of the Sertoli cell tumors were generally smaller with less prominent nucleoli than those of seminoma and had rounded ( Figure 9 ) rather than 'squared-off' nuclear contours, the latter being typical of seminoma nuclei. Five Sertoli cell tumors did, however, have prominent nucleoli indicating the overlap that can make this a difficult interpretation. It should also be noted that both tumors may have cytoplasmic glycogen. A granulomatous infiltrate, if present, would favor seminoma not having been seen in a Sertoli cell tumor to our knowledge, as would intratubular germ cell neoplasia in adjacent seminiferous tubules. The above differences and immunohistochemical ones ( Figure 10 ) (see below) will enable the two neoplasms to be distinguished provided the pathologist is aware of this pitfall.
Behavior
Most well-differentiated tumors are clinically benign but a rare neoplasm that has relatively bland microscopic features metastasizes. Large size (5 cm or greater) and conventionally worrisome features such as necrosis, nuclear atypicality, vascular invasion, and a brisk mitotic rate (more than 5 per 10 high-power fields) increase the likelihood of a clinically malignant course. In one series five of seven malignant tumors had at least three of the five features just noted. 6 The prognostic importance of size is reinforced by the fact that 11 of 14 malignant tumors in the literature whose size was recorded were more than 5 cm. 9 Tumors with a more or less diffuse, seminoma-like appearance appear to have a greater tendency to metastasize even when less than 5 cm. In the series that included only tumors of this type, four tumors that were 3 cm or less metastasized. 7 However, all of them had necrosis and highgrade cytologic atypia and two of them exhibited vascular space invasion. There is some evidence in the literature to suggest that gynecomastia is seen more often in clinically malignant tumors.
Large Cell Calcifying Sertoli Cell Tumor
This tumor 12 has occurred at an average age of 21 years and in approximately one-third of them various unusual clinical findings are present as described in some of the initially reported cases and later expounded on by the 2004 Maude Abbott lecturer, Dr JA Carney. 13 On gross examination, these tumors usually have no characteristic gross features unless a gritty nature can be appreciated due to the calcification. In contrast to most other sex cord tumors, they are bilateral in about 20% of the cases, this feature almost always being seen in patients with Carney's syndrome. On microscopic examination ( Figure 12 ), the neoplastic cells have various patterns, sheets, nests, ribbons or cords, and small clusters but at least focally solid tubules are present and often conspicuous. They may be multifocal. The tumor cells are large with abundant eosinophilic cytoplasm. The other defining microscopic feature is the presence of calcification, which is sometimes massive. In contrast to other sex cord tumors, intratubular growth is relatively frequent. The majority of the neoplasms have bland cytologic features but rare neoplasms are locally infiltrative, sometimes with atypical cytologic features and some of these neoplasms have been clinically malignant.
14 Rare testicular Sertoli cell tumors resemble this tumor except that they lack the defining calcification.
Testicular Tumors in Peutz-Jeghers Syndrome
Although the exact placement of some testicular lesions in patients with Peutz-Jeghers syndrome is not clear, they are almost always more closely related to Sertoli cell tumors than granulosa cell tumors. 15, 16 Enigmatically they also focally may have an annular tubular pattern similar to that in the ovarian sex cord tumor with annular tubules, which also has an association with Peutz-Jeghers syndrome (see below). The testicular lesions often also have some features reminiscent of the large cell calcifying Sertoli cell tumor, albeit lacking calcification. When Ulbright et al 5 reviewed the topic relatively recently four of the seven cases analyzable at that time resembled the large cell calcifying Sertoli cell tumor, two the sex cord tumor with annular tubules, and one a Sertoli cell tumor, not otherwise specified. Some lesions have morphology intermediate to that of the first two subtypes of Sertoli cell tumor just listed. From the clinical viewpoint, the lesions are often estrogenic; in one series all six patients had gynecomastia. 16 The lesions are typically small and sometimes are discovered only on ultrasonography. The growth is often multifocal, typically intratubular and hyalinization may be striking ( Figures 13 and 14) . 15, 16 Conservative management is indicated on the current evidence.
Ovarian Sertoli Cell Tumors
When Dr Robert Scully and I reviewed this topic in 1984, we were only able to identify a small number of cases that passed close scrutiny. 17 Stringent criteria were used at that time because of our awareness that many other neoplasms of diverse types can closely simulate Sertoli cell tumors. The advent of immunohistochemistry (reviewed below) has now made it easier to categorize problematic tubular tumors as Sertoli cell tumors and we have just completed a study of a larger series of cases. 18 Given the above comment on testicular abnormalities in Peutz-Jeghers syndrome, it is of note that six of our patients had that syndrome. These tumors did not have the features of the sex cord tumor with annular tubules that we separately categorize, 19 an approach others disagree with. 20 Some Sertoli cell tumors have produced estrogen and Sertoli cell tumors have accounted for three of the small number of ovarian tumors associated with renin production. 4 Sertoli cell tumors that are welldifferentiated tumors are almost always benign whereas tumors with atypical features have a malignant potential.
The predominant microscopic pattern of ovarian Sertoli cell tumors, like those in the testis, is tubular (Figures 15-17 ) but other patterns, particularly cordlike and diffuse, are common. Rarely, as in Sertoli cell tumors of the testis, there is an alveolar pattern ( Figure 18 ) that may suggest dysgerminoma on low power. Also rare is a retiform pattern, which is much more typical of SLCTs (see below). These tumors may have an abundant stroma as in Sertoli cell tumors of the testis but it is typically not as striking. Some ovarian tumors share with the testicular tumors a content of cells with conspicuous eosinophilic cytoplasm and occasionally the cytoplasm is strikingly vacuolated. Most of the tumors are stage I.
Ovarian Tumors in Peutz-Jeghers Syndrome
A distinctive pattern of ovarian neoplasia is exemplified by the neoplasm designated sex cord tumor with annular tubules (Figure 19 ). 19 The tubular pattern has been taken by some 20 to indicate that these tumors should be grouped with Sertoli cell tumors, and the cells forming the tubules are probably closer to Sertoli cells than granulosa cells as the distinctive ultrastructural finding of Sertoli cells, Charcot-Bottcher crystals, has been found in some cases. The distinctive features of the tumor in our opinion merit separate categorization, although this is a matter of debate. Further rationale for separate classification is provided by the association of one-third of these lesions with Peutz-Jeghers syndrome and that tumors not associated with this syndrome have distinctive features such as an occasional association with progesterone production and a higher than usual frequency of lymph node spread, when compared to other sex cord tumors. When seen in cases of the syndrome, the lesion is typically small, bilateral, and calcified whereas those unassociated with the syndrome form unilateral adnexal masses.
Rarely patients with the Peutz-Jeghers syndrome have Sertoli cell tumors either of the lipid-rich cell type ( Figure 15) 18,21 or sometimes of the not otherwise specified type, a few in the latter group being characterized by cells with abundant oxyphilic cytoplasm. 22 Gonadal pathology in the Peutz-Jeghers syndrome is similar inasmuch as each gonad has the propensity to develop peculiar lesions that although neoplastic are clinically benign and fall more on the Sertoli than the granulosa side of the fence. However, despite similarities, there are differences inasmuch as the testicular lesions, although having focal features of the sex cord tumor with annular tubules, often have hybrid features as noted above.
Sertoli-Leydig cell tumors
One of the most striking exceptions to the frequent parallelism that exists between ovarian and testicular sex cord tumors is the SLCT because testicular tumors with this morphology are exceptionally rare. To this day, the great majority of the valid cases in the literature are those described by Dr Teilum. When reviewing this topic for the fascicle on the testis, obtaining cases for documentation was difficult and the great rarity of testicular tumors in this group, which by definition resemble the ovarian tumors considered below, precludes detailed comment. Although rare well, intermediate, and poorly differentiated tumors occur, there is not a typical case in the literature of testicular Sertoli-Leydig cell tumor with heterologous elements or a striking retiform pattern. The rest of this consideration of these tumors is devoted to the much more common, but still rare, ovarian examples.
Ovarian SLCTs
The subdivision of ovarian SLCTs used today is fundamentally that of Meyer 1 but more recently it has become evident that tumors with a retiform component have sufficiently characteristic clinical and pathologic features to merit separate classification as a distinct subtype. 23 It should be noted that there is considerable overlap between the various categories of SLCT. For example, many tumors have foci that are of intermediate differentiation and other areas that are poorly differentiated tumors and each of those subtypes can have a retiform pattern, heterologous elements, or both. Well-differentiated tumors, however, are almost always pure without heterologous or retiform components. There has been considerable interest in SLCTs in the last two decades with the publication of several large studies. 4 Only the two most morphologically intriguing groups of SLCTs are considered in detail after a few general remarks about the well, intermediate, and poorly differentiated groups emphasizing some important pitfalls.
The differential diagnosis of SLCTs as a whole exemplifies a point made earlier, namely that although these tumors are rare, they often come up in the differential diagnosis of ovarian tumors because of the extent to which their various patterns overlap with those of many other ovarian tumors. This overlap in patterns has been reviewed in detail elsewhere 24 and only a few comments will be made here. A particularly helpful finding in the 10% of tumors that are in the well-differentiated category is the extensive component of Leydig cells in the stroma. Although this finding can be mimicked to some degree by the diverse ovarian tubular tumors that can have a luteinized stroma, the consistent nature of the tubular differentiation and extent of the Leydig cell component is a clue to the diagnosis of SLCT and this can be confirmed by immunohistochemistry. The single most common pattern of the tumors of intermediate differentiation is a striking nodular growth (Figure 20 ) with large cellular 'blue nodules' being intersected by a stroma that is often edematous. Within the cellular nodules dark blue Sertoli cells are admixed with Leydig cells, the latter being much less common and often only identifiable on careful high-power scrutiny (Figure 21 ). Perhaps the single most treacherous pitfall in differential diagnosis in these cases is with a Krukenberg tumor that may have a similar low-power appearance because of stromal edema and small malignant cells that do not always have an overt signet-ring cell morphology, although cells of the latter type, by definition, are identified focally. In the differential diagnosis with Krukenberg tumor, the presence of tubules in the latter neoplasm, as mentioned in the contribution of Dr Prat, may be a particularly problematic finding. Occasional tumors have microcysts ( Figure 22 ) that we have seen cause confusion with yolk sac tumor. Poorly differentiated tumors may be hard to distinguish from pure sarcomas and the diagnosis of poorly differentiated SLCT should always be strongly considered when the diagnosis of a pure sarcoma is being entertained. Most otherwise featureless poorly differentiated SLCTs have small diagnostic areas composed of clusters of dark blue Sertoli cells and some cells that are consistent with Leydig cells or their precursors that will confirm the diagnosis.
Like other sex cord stromal tumors of the ovary (but not to any appreciable degree in the testis), occasional SLCTs contain markedly bizarre nuclei. 25 When these are a focal finding in an otherwise typical neoplasm, they generally do not cause problems, but sometimes a significant component of the tumor has cells with irregular, hyperchromatic, lobulated nuclei. Awareness of this phenomenon and the presence of focal areas of typical SLCT should enable the misdiagnosis of a more malignant tumor to be avoided.
A phenomenon that is obviously unique to the ovary is the spectrum of change seen in SLCTs from pregnant patients. 26 The change that causes most difficulty is marked intercellular edema often resulting in large areas with a nonspecific, loose appearance ( Figure 23 ) that may be confused with the reticular pattern of a yolk sac tumor. Occasionally sheet-like aggregates of Leydig cells may obscure the Sertoli cell component and potentially lead to the misdiagnosis of a Leydig cell tumor.
Heterologous SLCTs
These tumors, which account for approximately 20% of SLCTs, do not differ significantly in their clinical presentation from otherwise similar tumors without a heterologous component. The only noteworthy gross feature is that some of them are predominantly cystic. 27 On microscopic examination, the heterologous elements are of two basic types, endodermal elements characterized by gastrointestinal-type epithelium ( Figure 24 ) and mesenchymal elements, immature skeletal muscle or cartilage. 27, 28 The presence of these tissues complicates the already wide range of appearances of Sex cord-stromal tumors of the ovary and testis RH Young SLCTs. The amount of mucinous epithelium in the tumors, which are usually of intermediate differentiation, varies from one or a few microscopic foci to numerous glands and cysts. The gastrointestinaltype epithelium typically contains goblet cells and often argentaffin cells. The latter cells occasionally give rise to foci of carcinoid ( Figure 25 ) that are typically small, usually insular carcinoid but sometimes mucinous carcinoid. The presence of endodermal elements, present in about 20% of SLCTs, does not alter the prognosis of these tumors. The mesenchymal heterologous elements (Figure 26) , present in about 5% of SLCTs, are typically seen in poorly differentiated tumors and have a poor prognosis. 28 
Retiform SLCTs
Despite the fact that retiform foci, defined as areas with architectural and cytological features simulating those of the rete testis, are present in from 10 to 15% of SLCTs, it is only recently that this pattern has received significant attention. 23, [29] [30] [31] These tumors differ clinically from usual SLCTs in two important respects. They occur in a younger age group (average age 15 vs 25 years for SLCTs as a group) and are less often androgenic, such manifestations being present in only approximately 25% of the cases as opposed to 50% for SLCTs as a group. This is important as the presence of androgenic manifestations sometimes directs the pathologist toward the correct diagnosis of SLCT and if the pattern of the tumor, specifically a retiform one, is not a familiar one and there are no androgenic manifestations, the likelihood of a misdiagnosis is increased. Occasional retiform SLCTs and indeed SLCTs of other types may be associated with elevated serum levels of alpha-fetoprotein, 32 ,33 a finding that may be confusing as it usually suggests a yolk sac tumor when a young female has an ovarian neoplasm. On gross evaluation, these tumors tend to be larger and more often cystic than SLCTs in general, often with large intracystic polypoid projections, a finding that has occasionally caused these tumors to be likened to a hydatidiform mole. In other cases they are not cystic, or minimally so, but may be soft and spongy an appearance that should suggest the diagnosis (Figure 27 ). Despite these two gross aspects that are suggestive of the diagnosis the gross appearance is not distinctive in some cases. On microscopic examination there are typically elongated, often slit-like, branching tubules ( Figure 28 ) that may focally or extensively be cystically dilated. In many cases papillae (Figure 29 ) or polyps project into the tubules and cysts. The papillae may be rounded with a hyalinized eosinophilic core, or may be cellular. Large edematous polypoid structures correspond to the grossly visible polyps. Retiform SLCTs are apt to be confused microscopically with serous tumors (Figure 29 ) and we have also seen cases in which retiform tubules in the background of cellular mesenchymal tissue have led to the misdiagnosis of a carcinosarcoma. The additional presence of heterologous elements, such as cartilage, may enhance the resemblance to a carcinosarcoma. The diagnosis of carcinosarcoma, serous borderline tumor or serous carcinoma should be rendered in a patient in the first two decades only after the diagnosis of a retiform SLCT has been excluded. Another rare finding in SLCTs is hepatoid cells.
32,34

Granulosa cell tumors
The now familiar subclassification into adult and juvenile types is followed here although it is important to note that these are terms of convenience to denote the usual age group in which each type occurs but there are exceptions to each situation.
These tumors, like SLCTs, are much more common in the ovary than in the testis, although testicular granulosa cell tumors, both of the adult type and juvenile types, are more common than testicular SLCTs. In the ovary, the adult form is much more common than the juvenile form, whereas in the testis, at least on the basis of material we see, the juvenile form is more common. The juvenile neoplasm in the testis has a tendency to occur in very young patients in the first 6 months when the ovarian juvenile granulosa cell tumor is uncommon, in females these tumors are more uniformly distributed throughout the first two decades. The tumors are morphologically similar in both gonads with one exception that will be noted.
Ovarian Adult Granulosa Cell Tumor
The clinicopathologic features of these neoplasms are well known and only a few noteworthy observations are made here. Although these neoplasms may be seen at any age, there is a striking peak in the late reproductive and early postmenopausal years such that the diagnosis should always be considered, assuming morphology remotely compatible with the diagnosis, when an ovarian tumor is encountered in a person between 45 and 55 years of age. This is particularly so when any of the three usual gross appearances are present: solid and cystic with hemorrhage within cysts, solid and yellow, or cystic, either multilocular or unilocular. The time-honored association with hyperestrinism and various menstrual abnormalities, and in postmenopausal patients, postmenopausal bleeding, and in some cases well-differentiated endometrial carcinomas of endometrioid type need no elaboration here.
From the microscopic perspective, in recent years we have attempted to decrease the emphasis placed in the older literature on Call-Exner bodies. The latter are certainly helpful findings provided care is taken not to confuse them with other small acinar formations but in many granulosa cell tumors they are absent, a negative finding that occasionally makes the pathologist reluctant to make the diagnosis. In our experience, the most common pattern of these neoplasms is a more or less diffuse growth, at least on initial low-power scrutiny, although usually subtle cords and other epithelial formations become apparent, at least focally, on more detailed evaluation. The pale grooved nuclei of the adult granulosa cell tumor, although again an important finding, have perhaps been somewhat overemphasized inasmuch as other neoplasms may have pale nuclei with grooves. Furthermore, some granulosa cell tumors have nuclei that are somewhat hyperchromatic and grooves may be inconspicuous. Additionally, although brisk mitotic activity in a putative granulosa cell tumor should always make the pathologist consider other options valid adult granulosa cell tumors may have brisk mitotic activity on occasion. A careful consideration of the overall morphology, awareness of the features of the various lesions that may be in the differential diagnosis, and consideration of the clinical and gross features should make the diagnosis relatively straightforward most of the time. Granulosa cell tumors rarely contain Leydig cells and, like SLCTs, hepatoid cells. 35 The role of immunohistochemistry is discussed below although it is worthy of mention here that granulosa cell tumors may be inhibin negative, a finding that should not necessarily shake the confidence of the pathologist.
Ovarian Juvenile Granulosa Cell Tumor
Although much more recently recognized than the adult neoplasm, this tumor is now firmly established as a distinctive subtype of ovarian sex cord tumor. [36] [37] [38] The solid and follicular pattern (with follicles of irregular size and shape) (Figure 30) , luteinization of the tumor cells, and immaturity of nuclei with an often brisk mitotic rate distinguish the tumor from most adult granulosa cell tumors. Occasional adult tumors have abundant (luteinized) cytoplasm but lack the architectural features of the juvenile variant. 39 Perhaps the most important problematic finding in the juvenile neoplasm is marked nuclear pleomorphism in almost 15% of the cases (Figure 31) . 37 For stage I tumors, this is not proven to have adverse prognostic significance, although it reasonably causes concern, particularly when striking. Enigmatically, there is often more nuclear pleomorphism in these tumors than in tumors that are inherently more malignant such as the yolk sac tumor.
Testicular Adult Granulosa Cell Tumor
Less than two dozen adult granulosa cell tumors are well documented. [40] [41] [42] [43] They typically occur in the middle years of life. Of the reported cases, 20% have been associated with gynecomastia. The tumors 
Testicular Juvenile Granulosa Cell Tumor
This is the most common neoplasm of the testis in the first 6 months of life. [44] [45] [46] [47] [48] [49] The better known yolk sac tumor of the testis of young boys peaks after 6 months of age. 8 The tumors are uncommon in older children and are exceptionally rare in adults. Occasional juvenile granulosa cell tumors have occurred in undescended testes of infants with intersexual disorders. 50 All the reported examples of this tumor have been benign.
The tumors range up to 6 cm in diameter. They may be solid, often with a nodular yellow-orange ( Figure 32 ) or tan-white color, cystic or both; the cysts are thin-walled and contain viscid or gelatinous fluid or clotted blood. In one large series of testicular tumors in children, these tumors were much more often cystic than Sertoli cell tumors. 8 Microscopic examination reveals follicular or solid patterns or both (Figure 33 ). The follicles vary from large and round to oval to small and irregular. They typically contain fluid, which may be basophilic or eosinophilic and is mucicarminophilic. In nonfollicular areas, the cells grow in sheets, nodules, and irregular clusters. Hyalinization is sometimes extensive, and in some cases intercellular basophilic mucinous fluid (Figure 34 ) is conspicuous and may result in a vaguely 'chondroid' appearance. In some cases, the tumor cells are dispersed loosely in the stroma suggesting the reticular pattern of yolk sac tumor. The tumor cells have moderate to large amounts of pale to occasionally eosinophilic cytoplasm and hyperchromatic, round to oval nuclei, some of which contain nucleoli. Mitotic activity is usually evident and sometimes prominent ( Figure 35) .
The juvenile granulosa cell tumor may be misinterpreted as a yolk sac tumor, the other relatively frequent testicular tumor of infants, particularly when it exhibits a 'reticular' pattern and brisk mitotic activity. The presence of follicles in most juvenile granulosa cell tumors is helpful as they are not seen in yolk sac tumor provided the cysts of the polyvescicular vitelline pattern of yolk sac tumor are not misidentified as follicles. The absence in juvenile granulosa cell tumor of the various characteristic patterns of yolk sac tumor is obviously helpful. If doubt remains, the lack of immunohistochemical staining for alpha-fetoprotein and likely positivity for inhibin will aid. It should be noted that in very young infants there is normally a physiologically high serum alpha-fetoprotein level so serum determinations of that marker are not helpful. Juvenile granulosa cell tumors are distinguished from the adult form pathologically using the criteria noted above when ovarian tumors are considered.
Sex cord-stromal tumors, unclassified
In each gonad, occasional tumors are encountered which clearly fall in the sex cord-stromal category but do not lend themselves to placement in the more specific categories, warranting the somewhat unsatisfactory diagnosis of sex cord-stromal tumor unclassified. 51 Placement in this group happens more frequently in males. In females, a disproportionate number of tumors from pregnant patients are placed in this group 26 and the peculiar neoplasm that Talerman et al 52 have categorized as 'diffuse nonlobular androblastoma' in our opinion probably is best placed in the unclassified group because it has hybrid features between the granulosa and Sertoli cell families. There is nothing unique about the general clinical profile of the unclassified sex cord-stromal tumors of the ovary and the prognosis of individual cases has to be evaluated using basic principles according to their features. The remainder of this discussion pertains to the more common testicular tumors in this group.
Unclassified sex cord-stromal tumors of the testis occur at all ages. In a registry of tumors in children, almost two-thirds of sex cord tumors were placed in this group 53 and approximately one-third of the reported tumors have been from children. Gynecomastia is present in about 10% of the cases. These tumors have no unique gross features.
Microscopically they may be predominantly epithelial, predominantly stromal or have roughly equal proportions of each. Well-differentiated tumors typically contain solid or hollow tubules or cords composed of or lined by cells resembling Sertoli cells. Islands and masses of cells resembling granulosa cells and containing Call-Exner-like bodies may also be present but the overall architectural and cytologic features are, by definition, not typical of granulosa cell tumor. The cytoplasm of cells lining tubules varies from scanty to abundant, and may be eosinophilic, amphophilic, or vacuolated and lipid-laden. Mitotic figures are variably prominent. The stromal component may be densely cellular or acellular and hyalinized. Some stromal cells may have abundant vacuolated or eosinophilic cytoplasm. Poorly differentiated tumors exhibit varying degrees of nuclear pleomorphism and mitotic activity. Diffuse and sarcomatoid patterns are frequent, and in some areas it may be difficult or impossible to distinguish the epithelial and stromal components on routine staining. Reticulum stains may help delineate them. Unclassified sex cordstromal tumors of the testis that are other than very small and cytologically innocuous have to be considered to have a malignant potential; a malignant course seems to be less common in children than in adults. 47 Sex cord-stromal tumors of the testis with features that result in mimicry of unclassified mixed germ cell sex cord-stromal tumors
There are three different situations in which the appearance of testicular sex cord-stromal tumors may suggest the rare gonadal tumor, unclassified mixed germ cell sex cord-stromal tumor. The first, and most common, is seen when sex cord-stromal tumors, which are usually slowly growing neoplasms, entrap non-neoplastic germ cells ( Figure  36 ). This phenomenon has only been seen to date with Sertoli-stromal tumors and unclassified tumors, there being four of the former and five of the latter in the paper of Ulbright et al 54 that described this phenomenon. These tumors have no special gross or clinical features. In all these cases, the germ cells were interpreted as non-neoplastic because of Figure 36 Sex cord-stromal tumor of testis unclassified with entrapped germ cells. This picture may be misconstrued as a mixed germ cell sex cord stromal neoplasm but in the latter, the germ cells are neoplastic whereas here they are entrapped benign cells. their resemblance to normal spermatogonia having round nuclei without prominent nucleoli contrasting with the 'squared off' nuclei with prominent nucleoli of neoplastic germ cells as seen in typical seminoma or intratubular germ cell neoplasia unclassified. The usual focal distribution of the germ cells and association with seminiferous tubules containing similar cells also indicated that the germ cells were nonneoplastic. Further support for such a nature may be provided by obtaining a negative reaction with the periodic acid-schiff stain and immunohistochemical markers of neoplastic germ cells such as PLAP. A diploid DNA content has also been found in the germ cells in the cases studied, in contrast to the finding expected in neoplastic germ cells. The admixed germ cells are typically most conspicuous at the periphery of the neoplasm as clusters but may be seen more centrally as scattered cells. This phenomenon may raise the consideration of a mixed germ cell sex-cord stromal tumor, a convincing testicular example of which we have not encountered.
In one unique case a Sertoli cell tumor appeared to collide with a seminoma and incorporated some of its neoplastic germ cells. 54 The third circumstance in which the rare mixed germ cell sex cord-stromal tumor is mimicked arises when a sex cord-stromal tumor, usually an adult granulosa cell tumor or unclassified sex cordstromal tumor, has lutein-type cells with abundant pale cytoplasm suggesting germ cells. The nuclei of the putative germ cells have smaller nuclei than germ cells, the cytoplasm is lipid-rich and, if necessary, immunohistochemical stains will disclose their nongerm cell nature.
Role of immunohistochemistry in the differential diagnosis of sex cord-stromal tumors placed in context of other diagnostic features
Once immunohistochemistry became available in diagnostic pathology it was not long until its potential role in the evaluation of sex cord tumors and their mimics was investigated. Given the overlap in patterns of sex cord tumors and diverse other lesions, it seemed logical that it might help in this area and this has been borne out. Despite the aid it may provide in some very specific situations, it must be stressed that a combination of awareness of patient age, clinical features that may be associated with tumors (some expected, some unexpected), stage of the tumor, laterality (unilateral vs bilateral), gross features, knowledge of morphologic variations, thorough sampling, and use of conventional special stains will enable the correct diagnosis to be made in the great majority of cases. Examples of some of these issues and then common helpful immunohistochemical findings will be given. In general, there are more problem areas in ovarian sex cord tumor evaluation.
Space does not allow for consideration of all the nonimmunohistochemical issues but some in each category just listed are noted as examples. Age can be important in the evaluation of sex cord tumors in each gonad, the typical very young age of patients with testicular juvenile granulosa cell tumor and the youth of patients with ovarian retiform SLCTs (vs the usual age of patients with serous tumors) being striking examples. Although androgenic manifestations are typical of ovarian SLCTs, neoplasms that can mimic them, such as Krukenberg tumors, may be virilizing. As sex cord tumors are almost always stage I, higher stage tumors are statistically unlikely to be sex cord tumors. Gonadal sex cord tumors of all types (except the large cell calcifying Sertoli cell tumors of the testis) are almost always unilateral so bilaterality always should make the diagnosis of a sex cord tumor suspect.
The Krukenberg tumor (mimic of SLCT), metastatic melanoma (mimic of granulosa cell tumor in the ovary and granulosa or Sertoli cell tumor in the testis) and metastatic endometrial stromal sarcoma (mimic of either granulosa cell tumor or SLCT of the ovary) are three good examples of the problems metastatic tumors may cause. There are many variations in the morphology of sex cord tumors as considered above and the mere awareness of them is fundamental to making the correct diagnosis, and thorough sampling to uncover diagnostic foci, for example typical granulosa cell tumor in a neoplasm that is predominantly characterized by bizarre nuclei is also crucial. Stains for mucin to highlight the signet-ring cells of a Krukenberg tumor, for fat to show that cytoplasmic clarity is due to lipid in a Sertoli cell tumor, and for reticulum in the differential diagnosis of cellular fibroma from diffuse adult granulosa cell tumor are three of several potential uses of conventional special stains.
The above comments notwithstanding, either as confirmation of the favored diagnosis, or to help resolve a particular diagnostic challenge, focused immunohistochemical evaluation is undoubtedly a source of crucial aid on occasion. One of the early explorations of this area was the study of Aguirre et al 55 that established that epithelial membrane antigen (EMA) positivity was exhibited by sex cord-like formations in endometrioid carcinomas but not by sex cord formations themselves. Relatively soon thereafter inhibin positivity in sex cord cells but not in the cells of surface epithelial tumors (with rare exceptions) added to the aid provided by immunohistochemistry in this area. [56] [57] [58] [59] [60] [61] [62] The next development of note was the recognition by two groups independently 18, 63 that calretinin, previously considered to mark selectively mesothelial cells, also stained sex cord cells and other papers have borne this out. [63] [64] [65] The above combined findings have established the triad of EMA positive, inhibin negative, and calretinin negative as a strong argu-ment against a sex cord tumor, the converse results favoring it. As noted earlier, typical granulosa cell tumors may be inhibin negative. The specific differential diagnosis just referred to is rarely, if ever, a problem in testicular pathology, but inhibin staining may help in determining that an unusual testicular neoplasm is in the sex cord family, for instance, in the distinction of an unusual appearing juvenile granulosa cell tumor from yolk sac tumor, although always in conjunction with stains for alpha-fetoprotein. It should be noted, however, that one large study 66 showed staining of only a minority of Sertoli cell tumors in contrast to all the Leydig cell tumors in that series. Accordingly, a negative inhibin result cannot be used as an argument against the diagnosis of Sertoli cell tumor. Sex cord tumors may also be positive for melan-A 67 and CD99 68 but these are of lesser importance in daily practice than those already considered.
One of the first immunostains evaluated in diagnostic pathology, for alphaprotein, is of course helpful in the yolk sac tumor vs nonyolk sac tumor differential but the focality of staining in some typical yolk sac tumors should be emphasized. The well-known markers for malignant melanoma can aid in establishing that diagnosis, rather than, for example, granulosa or Sertoli cell tumor, which we have seen it closely mimic. An issue specific to the ovary is positive staining for thyroglobulin in cases of struma with a small acinar pattern that can strikingly simulate Sertoli cell tumors. The more recently available marker, TTF-1, is also useful in this situation. The overall literature on immunostaining of testicular tumors, from the practical viewpoint, is less extensive than that for the ovary. 69 One of the best known uses of immunohistochemistry, staining of prostate epithelial cells for PSA or PSAP, may have a role in testicular pathology in confirming, or arguing against if negative, a diagnosis of metastatic prostatic carcinoma which rarely, if acinar differentiation dominates, might suggest a sex cord tumor. The differential diagnosis of seminoma vs Sertoli cell tumor, as mentioned in Dr Ulbright's contribution, can be facilitated by staining for a recently described nuclear transcription factor, Oct 3/4, which is consistently negative in sex cord tumors but positive in seminoma. The combination of inhibin positive and PLAP negative is also helpful in affirming a diagnosis of Sertoli cell tumor with a seminoma-like pattern. A number of other immunohistochemical findings have been investigated in gonadal tumor pathology but this synopsis covers those we have found helpful with any frequency.
